the hip and knee places the greatest burden on the population (physical, psychological, and socioeconomic) and often leads to significant pain and disability requiring surgical intervention. 5 According to the OA definition used (selfreported, radiographic, symptomatic), the prevalence varies. Regardless of the definition used, the prevalence of knee OA ranged from 6.3% in Greece to 70 .8% in Japan. However, the populations evaluated were very different in terms of age. OA of the knee tends to be more prevalent in women than in men independently of the OA definition used, but no sex differences were found in terms on OA of the hip. The hip joint has the lowest prevalence of OA. 6 Total hip and knee replacement is an extremely successful surgical procedure and is cost effective as compared with the conservative management of OA. 7 Thus, joint replacements are becoming more frequent for advanced osteoarthritis. The number of hip (HA) and knee (KA) arthroplasty procedures has increased rapidly since 2000 in most OECD (Organisation for Economic Co-operation and Development) countries. On average, the rate of hip replacement procedures increased by about 35% between 2000 and 2013, and the rate of knee replacement surgery nearly doubled. 8 In the United States, by 2030, the demand for primary total HA is estimated to grow by 174% from their 2005 levels (572,000 annual procedures from 209,000), while the demand for primary total KAs is projected to grow by 673%, from 450,000 to 3.48 million annual procedures. 9 In this study, we aimed to examine the variation in quality of life, function, stiffness, and pain in the patients' first postsurgical year, and to identify (or characterize) the parameters influencing these elements. We have chosen to present the interim analysis during a 5-year follow-up process, in this case the first year which seemed to us to be crucial after KA and HA. We also tried to take advantage of a large, prospective cohort to better understand the determinants of clinical improvement and success following total joint arthroplasty, in osteoarthritic patients. interim analysis during a 5-year follow-up process
Method
This prospective study was conducted at the University Hospital of Liege in Belgium. All patients admitted to the institution who underwent KA or HA for knee or hip OA between December 2008 and January 2013 were considered eligible for enrolment in the study. The details of the recruitment were previously extensively described. 10 The patients received and completed, without any external assistance, the first questionnaire the day before surgery. They completed the next questionnaire on the day before or on the day of hospital discharge. This provided information on their clinical course, hospital stay, and living situation after their hospital stay. Thereafter, the follow-up of postoperative outcomes continued by sending regular postal mails at different times up to 5 years of surgery. In this article, we presented the outcomes at different intervals: pre-and 3, 6, and 12 months' post KA and HA.
We used a generic instrument for the assessment of quality of life, the Short Form 36 (SF-36) scale. 11 The generic health measure SF-36 is a validated questionnaire assessing healthrelated quality of life (HRQoL). It is a self-administrated 36-item questionnaire comprising 8 health dimensions. Scoring ranges from 0 to 100 points, with higher scores representing better health. This tool also includes a separate variable assessing the perceived changes in overall health status compared to the status prevailing 1 year prior to the assessment. Pain, function, and stiffness were assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 12 The WOMAC includes 24 items covering 3 domains: pain, stiffness, and physical function, and captures the level of each domain with 5 response categories using an ordinal scale. Lower values in the traditional scoring method (ranging from 0 to 96) reflect a better health status. The utility was measured with 2 instruments developed by the EuroQol Group Association (EQ): the EuroQol Visual Analog Scale (EQ-VAS) and a generic tool assessing 5 dimensions (5D) of health: mobility, self-care, usual activity, pain/discomfort and anxiety/depression (EQ-5D). 13 Comorbidities were recorded and summarized using the Functional Comorbidity Index (FCI), which consists of a list of 18 diagnoses, each significantly associated with declining function. One point is assigned for the presence of each diagnosis, giving a global score between 0 and 18. 14 Patient's characteristics, presence of different comorbidities, pain, physical functioning, and HRQoL were analyzed using descriptive statistics. For normality and homogeneity of data, the tests of Shapiro-Wilk and Levene were used and then justified for nonparametric statistical analysis. Continuous variables are presented in the tables and figure as means and standard deviations (SDs) rather than medians with interquartile ranges (P25-P75) for reasons of visual relevance. Categorical variables are presented as numbers and percentages. For the comparison between independent groups (HA and KA), in the case of continuous data (WOMAC scores, components variation over time and good outcome), the Mann-Whitney (2 samples) test was performed. Comparisons between baseline measures and 3-month to 1-year follow-ups were conducted using Friedman's analysis of variance. The values of WOMAC (and subscales), EQ-5D and EQVAS at 3, 6, and 12 months were compared with those before surgery using the Wilcoxon signed-rank test. Categorical variables were compared using the chi-square test.
Univariate and multivariate regression models were used to examine the relationship between changes in WOMAC total scores (dependent variables), preoperative patient characteristics, and occurrence of complications (independent variables). A significance level of 0. 25 After that, we looked for the predictors of a good outcome and compared the results. The good outcome is as an improvement in WOMAC total score greater than or equal to the minimal important difference (MID). The MID represented one-half of the standard deviation (SD) of the difference between pre-joint arthroplasty WOMAC total score and post-joint arthroplasty WOMAC total score. 15, 16 The proportion of patients that met criteria for good outcome was calculated with 95% confidence intervals (CIs) for HA and KA separately. The same demographic and clinical variables were considered in the logistic regression. A backward selection model was used to identify variables predictive of successful outcome.
Data were analyzed using STATISTICA, version 13, in a Windows environment. The level of statistical significance was set at P < 0.05 for most analyses except the Wilcoxon signed-rank tests. Indeed, we adjusted the statistical significance level to P < 0.05/3 = 0.017.
Results
The final study cohort consisted of 626 subjects, 346 with hip OA (337 operated with THA and 9 with HRA [2.6%]) and 280 with knee OA (266 operated with TKA and 16 with UKA [5%]). The patient characteristics at baseline were extensively detailed in a previous publication. 17 As reported, significant differences between subjects in need of a HA or of a KA were seen at the time of surgery in terms of age, duration of complaints, BMI, radiological status, comorbidities, surgical history trauma, and mean sick leave time. The characteristics of patients are summarized in Table 1 . The hospital stay was longer after KA (8 vs. 7 days, P < 0.001) and a larger portion of patients were referred when leaving the hospital for a revalidation or convalescent structure (33.45% vs 23.12%, P = 0.004). The rate of early postoperative complications was similar in both groups. At the 1-year postsurgical follow-up, the complication rate was significantly higher in the KA group (22% vs. 7%), with the most frequent complication being the occurrence of Complex Regional Pain Syndrome (CRPS). The most frequent complication in the HA group was dislocation and muscle/ligament problem (2% each) followed by periprosthetic fracture (1%). The persistence rate after 1 year was excellent with 90% of the patients in the KA group and 89% in the HA group who filled in the questionnaire at month 12.
The reasons for withdrawal were related to the willingness to pursue the study, the length of the questionnaire, or because of personal problems. Only 8 patients in the KA group (2 for pain, 2 for CRPS, 2 for postoperative internal affection, 1 for ankylosis requiring mobilization under anesthesia and 1 for aseptic loosening) and 4 patients in the HA group (2 with luxation, 1 with periprosthetic fracture and 1 for pain), 3% and 1% respectively, decided to discontinue the study due to problems directly related to the surgical procedure.
A statistically significant improvement was observed for the total WOMAC score and for the 3 WOMAC subscales from 3 months after surgery in both populations ( Table 2) . A maximal improvement was observed during the first 3 months of the study, which continued, but at a lower rate until month 6, and then maintained or improved (total and pain) until the final follow-up (month 12). Regarding the SF-36, improvements were observed as soon as month 3 and continued up to month 12 in all physical and mental domains except for general perception of health (GH). This component remained broadly stable over time. As to the utility score, compared to baseline, significant changes in EQ-5D and EQ-VAS were reported from 3 months after surgery, followed by a period of increase until month 6 for EQ-5D, and a period stabilization until month 12 for EQ-VAS. There was no change in the FCI over time.
The improvement in the total WOMAC score and subscales was significantly greater for HA patients than for KA patients at all time points (3, 6, 12 months: P < 0.001) (Fig. 1) . The function and stiffness component improved up to 12 months for the hip and reached a plateau at 6 months for the knee. Thus, in the KA group, there was no difference between the improvement in function and stiffness observed at 6 months and that observed at 1 year. However, there was a difference in the improvement in function and stiffness between the third postoperative month and the 12th postoperative month.
In both populations (ie, HA and KA groups), the maximal improvement in EQ (5D and VAS) was observed during the first 3 months of the trial, with a subsequent moderate increase up to month 6, and then a small decrease (not significant) between month 6 and month 12 for EQ-5D and stabilization up to months 12 for EQ-VAS (Fig. 2) .
In the final multivariate linear regression analyses (Table 3) , a low number of comorbidities and the absence of postoperative complications were the common determinants of a beneficial outcome, both for the hip and knee groups after 12 months. Similar results were observed for the pain and function components. In patients with KA, the lack of surgical or traumatic background and the preoperative function were also identified as positive factors for a better functional outcome after 12 months. Patients who had poorer preoperative function were more likely to experience greater improvement. Conversely, a shorter duration of hospital stay was a positive predictive factor. In patients with HA, returning home was also identified as a positive factor for a better functional outcome after 12 months. These parameters explain 8% (HA group) and 11% (KA group) of the variance of the WOMAC total score. The mean ± SD changes from presurgery to postsurgery in hip/knee WOMAC total score were 35.62 ± 22.10 and 22.90 ± 20.10, respectively. The calculated MID were 11.05-point improvement for HA, and 10.05 for KA. A total of 87.09% of HA (n = 263; 95% CI 83.31%-90.87%) and 73.06% of KA (n = 179; 95% CI 67.50%-78.62%) met the MID criterion for a good outcome. Using backward regression, the predictors of good HA/KA outcome using this criterion in the final model included the preoperative function, the number of comorbidities, the occurrence of early postoperative complications (only HA) and the length of hospital stay (only KA). In the HA group, the probability of achieving a good outcome was greater for those with worse preoperative function (OR 1.07, 95% CI 1.03-1.10, P < 0.001), less comorbidity (OR 0.55, 95% CI 0.41-0.74, P < 0.001) and the absence of early postoperative complications (OR 3.24, 95% CI 1.29-8.13, P < 0.05). In the KA group, worse preoperative function (OR 1.08, 95% CI 1.04-1.11, P < 0.001), less comorbidity (OR 0.60, 95% CI 0.45-0.79, P < 0.001), and a shorter hospital stay (OR 0.82, 95% CI 0.72-0.94, P < 0.05) were significant predictors of good outcome.
Discussion
The present study evaluated and compared prospective quality of life after KA and HA, as well as the effects of sociodemographic and clinical characteristics on specific outcomes (WOMAC total scores). We chose to use high methodological quality patient-reported outcome measures developed for patients undergoing hip or knee replacement surgery: condition-specific and generic instruments. We selected the WOMAC score, a hip and knee specific score, well-validated and widely used for the assessment of pain, function, and stiffness of osteoarthritis in the lower limbs. 18 Regarding generic measures and utility, we choose the SF-36 and EQ-5D. The SF-36 is worth considering, as this is the most comprehensively generic measure tested in the arthroplasty population.
19 EQ-5D is 1 of the most commonly used generic preference-based measures in economic evaluation and the most widely used metric to derive utilities in osteoarthritis. 20, 21 Generally, our results were in line with international guidelines showing that joint replacement is cost effective for the management of end-stage knee OA when all previous modalities have failed and a significant loss in quality of life is present. 22, 23 The recommendations for hip OA were similar to those for the management of knee OA.
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Figure 1. WOMaC and components variation over time (% mean). WOMaC = Western Ontario and McMaster Universities Osteoarthritis index. No standard deviation (SD) for reasons of clarity (but summarized in table annexed). *Significant difference from previous follow-up (Wilcoxon test). NS = no significant difference from previous follow-up (Wilcoxon test).
Our study showed that in advanced OA of the lower limbs, knee or hip arthroplasty improves quality of life, function, and health utilities and reduces pain and stiffness. Treatment appeared to be extremely quickly effective (after 3 months). This positive result was maintained at 12 months. A previous systematic review by Ethgen et al. 25 in 2004 demonstrated the same early HRQoL benefits. The time improvement profile of the different outcomes is similar, namely a rapid increase that reached its maximum between 3 and 6 months before a long-lasting improvement. Another study considered the same parameters in a cohort of 222 osteoarthritis patients undergoing total hip or knee replacement and showed improvements in pain and function at 2 years similar to those observed at 6 months. 26 Whereas several studies showed that direct interventions on the cartilage (e.g., cartilage grafts or stem cells transplantation) are extremely promising strategies to improve of repair cartilage defect, 27, 28 one limitation of these approaches remains the time needed for the patient to perceive a significant improvement in symptoms and quality of life similar to what is reported to occur in a few weeks after total joint arthroplasty. 29, 30 Total joint arthroplasty remains also the most appropriate intervention when a large proportion of the cartilage surface/volume is missing or severely compromised, a situation where benefits of cartilage repair remains to be extensively assessed in clinical trials. 31 We found significant differences between patients who had a hip or knee arthroplasty with regard to the mean change in the WOMAC scores and subscales. Thus, HA patients displayed greater improvements in pain, stiffness, and function as compared with KA patients at 3, 6, and 12 months' follow-up. Several studies, using the same tools, have reported similar results with inferior outcomes for KA as compared with for HA. Bachmeier et al. 32 reported greater improvement in the SF-36 and WOMAC scores for patients who had HA than for KA. Patients were followed up over a period of 1 year at 3-month intervals. 32 Similar results on the SF-36 and the WOMAC were found by March et al. 33 with a similar follow-up. In a 1-year prospective study, Bourne et al. 34 showed that WOMAC change scores were better for patients undergoing primary THA than primary TKA in terms of pain relief, joint stiffness, and function. Using the SF-36 only, other studies reported that improvement after HA was notably greater than after KA, [35] [36] [37] [38] and that outcomes for KA and HA were similar. 39, 40 A recent study showed that WOMAC scores improved significantly after 1 year for both HA and KA, but WOMAC total and function scores were significantly better in the TKA group at all time points (3, 6, 12 months) . In this study, KA patients experienced a significantly shorter hospital stay, and this could help explain this difference in the results. 41 In our study, 2 elements were observed as common predictors of a favorable 1-year WOMAC total evolution. These included the absence of complications and a low number of comorbidities. Greater comorbidity was recently shown in 2 systematic reviews to significantly determine lower changes in pain and functional status after TKA (12 out of 23 studies) and THA (7 out of 8). 42, 43 The absence of complications in the first year is significantly related to a better outcome in the 2 groups. It will be interesting in a later study to reassess a longer-term situation and to compare the profile of patients with or without postoperative complications during the first year and following. Indeed, there is an abundance of evidence in the literature to suggest higher rates of short-to medium-term complications in obese patients, particularly in the morbidly obese patients. These complications may also be related to the greater number of comorbidities in obese patients. The 2 elements are therefore closely interlinked. 44, 45 Among the other preoperative parameters, in the KA group, the surgical or traumatic background of the joint and the preoperative function affected the evolution of WOMAC scores. This is consistent with the argument that patients with worse presentation (poorer preoperative HRQoL) are more likely to experience greater improvement. 25 Regarding the background of the joint, previous knee surgery and posttraumatic OA were significant predictors of dissatisfaction after 1 year. Postfracture OA has been associated with inferior outcomes and elevated complication rates; however, previous meniscectomy has not. [46] [47] [48] [49] [50] As for complications, it will be interesting to reassess the long-term situation in a later study and to analyze the profile of patients with or without a previous knee surgery or posttraumatic OA. In the HA group, among the clinical determinants, only the number of comorbidities affected the evolution of WOMAC scores. The preoperative level of function was not predictive of the outcome. This is in agreement with a recent study, but contradicts the previously held belief that patients with worse function before HA do not function as well as those with less preoperative disability. 51 Among the intraoperative and postoperative parameters, a short length of hospital stay (KA) and the return home (HA) are also determinants of better outcomes. Negative correlations between quality of recovery and length of hospital stay were found for both kinds of arthroplasty, but quality of recovery put different emphases on the WOMAC scores. 52 In our study, home discharge is a positive determinant of a better outcome only after HA. This is inconsistent with 2 other studies. In these, there was no difference in health status at 12 months between the group that received homebased rehabilitation and the group that had inpatient rehabilitation. However, these studies have certain specificities that distinguish these characteristics. In the first, the population was much more restricted (118 patients) and the second was a randomized controlled trial. Therefore, the choice of the place of discharge was not taken into account for the functional state of the patient. 53, 54 Under the "good outcome" definition, more than 70% of patients with of hip or knee replacement in our study (73% and 87%, respectively) experienced an important improvement in their hip/knee status greater than or equal to MID. These proportions of individuals with a good outcome, as we defined it, was similar than has been reported previously using the MID definition, except one (but follow-up period of 6 months). [55] [56] [57] Three variables in each group predicted those who experienced a successful outcome. Thus, patients with worse prearthroplasty WOMAC function, less comorbidity, shorter length of stay (KA group only) and less immediate complications (HA group only) were more likely to benefit from arthroplasty outcome. Worse OA-related disability prior to surgery and comorbidity were preoperative variables also found in other studies. These findings suggested that patients with the worst preoperative function have the most to gain from HA and KA. They may not have better absolute outcomes than those with better preoperative HRQoL scores, but they may see the biggest gain. This probably explained why the preoperative function variable was only found in the KA group in the final multivariate linear regression analyses.
Among the other key factors associated with the development of degenerative joint disease and influencing selection for total joint arthroplasty, age and obesity are not found to be an obstacle for effective surgery and had similar outcomes on improvement of WOMAC scores at 12 months. 58 In the case of BMI, there would be no impact on the outcomes but rather on the risk of complications in the first 12 months after joint arthroplasty. However, 2 recent reviews of the literature with a follow-up from 3 months to 2 years has shown that higher BMI could have an influence on poor outcomes after THA (6 out of 10 studies) and TKA (4 studies out of 13 studies). 42, 43 Similarly, there were no age-related differences in joint pain, function, or quality-oflife measures preoperatively or 6 months postoperatively after THA and TKA. 59 However, results were conflicting regarding TKA. A study showed that increasing age was associated with worse 1-year postoperative functional outcomes, but the population was different (large majority of women and bilateral procedure in 60% of patients). 60 Another study went in the opposite direction with young patients whose outcome scores did not match those attained by older patients. Again, the population was different with a majority of patients younger than 55 years, whereas we only had a few patients in this age range. 61 In 2 recent reviews of preoperative determinants of outcomes, 3 to 24 months' follow-up of THA/TKA, the majority of studies did not identify an influence of age (10 out of 15 studies in the knee group and 7 out of 11 studies in the hip group). 42, 43 In our study, the improvement in WOMAC scores was not associated with the preoperative radiographic severity. In this area, there is no consensus and the results have always varied according to the studies. In a recent study, the decrease in pain and improvement in function 1 year after surgery was positively associated with the preoperative radiographic severity of OA, but only in the THA group. However, the radiological profile of the patients was not the same with most grade 4 (severe) OA, and the evaluation tool was not the WOMAC, but the HOOS/KOOS (Hip disability and Osteoarthritis Outcome Score/Knee injury and Osteoarthritis Outcome Score). 62 In the previously mentioned review, a lower radiographic OA severity was associated with poor outcomes in 3 out of 4 studies after HA. 42 In the review of the knee, this parameter was not evaluated in the various studies. 43 There was, however, a relationship between age and radiographic severity, but the effects of radiographic disease severity on patient-reported scores were not significantly different. 61 In both groups, we did not observe any impact on the evolution of WOMAC scores according to the type of prosthesis (TKA or UKA, THA or HRA), but the number of patients in the UKA and HRA groups was low. Nevertheless, this is consistent with different studies. With regard to the knee, a study in 2013 had not shown any significant difference over the first 6 months following surgery. 63 Similarly, for the hip, in 1 and 2 years postsurgery, the improvements in WOMAC scores were similar after THA and HRA. 64 Finally, the adjustment quality of the model measured by the determination coefficient (R 2 adjusted) was quite low, standing at 10%. There are, therefore, other explanatory variables not evaluated in this study.
The strengths of the study are its prospective design, the large cohort, the high rates of follow-up return, the large number of investigated preoperative and postoperative (i.e., immediate and mid-terms complications, length of hospital stay and place of discharge following hospital stay) variables and the use of 2 health care professionals who were not part of the surgical management team. These individuals recruited patients and followed them up at each assessment. We used highly validated tools for this indication. It could be argued that the Oxford hip or knee questionnaires could have been used. Indeed, according to a 2001 study, the 12 items in the Oxford questionnaires appeared to be superior for patients who have had knee or hip arthroplasty. 65, 66 However, the French versions were validated in 2009 for the hip and in 2011 for the knee, after the beginning of the recruitment of patients (2008). 67, 68 We, therefore, complied with the recommendations of the editors of the Journal of Bone and Joint Surgery American to use the WOMAC to report the longer term follow-up status of patients managed with THA and applied it for the knee also. 18, 69 However, we acknowledge that this study presents certain limitations such as the involvement of only 1 center; therefore, multicenter research is needed for generalization of the results. Additionally, 10% of KA patients and 11% of HA patients were lost to follow-up, and 3% and 1%, respectively, to arthroplasty complications. There could also still be a discreet selection bias common to prospective cohort studies. Other potential determinants of improvement following total knee replacement were not assessed: patient expectations and the presence of other troublesome hips/ knees. 57, 70 Finally, the clinical relevance of "improvement" in scores is unknown. Do we have to wait for patients to have a more preoperative function that is more altered in order to hope for a result that is considered a success? Or do we operate patients with fewer preoperative limitations that will reach a threshold considered a success faster? 16 Some authors tried to define appropriateness criteria for arthroplasty, but there is still no consensus. [71] [72] [73] [74] This study could provide some elements for further investigation.
One year is a relatively short-term follow-up but we will continue to monitor these patients up to 5 years. We would like to see if the improvement continues during the course, placing the results in perspective with those from other studies. Finally, we would like to evaluate whether new determinants of clinical evolution are highlighted. Concerning knee prostheses, 2 studies indicated a pattern of HRQoL improvements for up to 1 year, after which scores began to decline but remained superior to preoperative levels. 75, 76 In the longer term (15 years), pain and satisfaction scores in this population were good, even in patients who underwent revision surgery. 77 In the THA group, mean clinical outcome scores were found to be relatively constant from 1 to 6 years after surgery. 78 
Conclusion
In conclusion, the most important finding of this study is the demonstration of a significant improvement of all parameters reflecting quality of life and the health utility as soon as 3 months after knee or hip replacement. This study adds substantially to the currently available evidence. In addition, the improvement in outcomes following hip joint surgery is significantly greater than that following knee surgery.
A few preoperative parameters positively affected the evolution of WOMAC scores. In the KA group, it was the low number of comorbidities, the absence of surgical or traumatic background of the joint, and a poorer preoperative function. In the HA group, only the number of comorbidities affected the WOMAC evolution. Among the intraoperative and postoperative parameters, the absence of a postoperative complications (both groups), a short length of hospital stay (KA), and the return home (HA) were also determinants of better outcomes. Therefore, we suggest that according to this study, patients should not be denied surgery based on demographic determinants such as age, sex, or BMI. We identify also factors that are predictors of a better outcome following HA and KA: disability prior to surgery and the number of comorbidities.
Further studies need to explore the long-term evolution, through the WOMAC and other parameters, and the profile of patients with complications.
